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Histological Observations of Intestinal Degeneration of Defatted Soybean
Meal Diet and Supplemental Effect of Soybean Lecithin for Fingerling
Rainbow Trout, Oncorhynchus mykiss

Nobuhiro SUZUKI and Takeshi YAMAMOTO

Abstract

The feasibility of defatted soybean meal (SBM) based non-fish meal diets for fingerling rainbow trout
Oncorhynhcus mykiss was investigated. A control diet composed mainly of fish meal and non-fish meal diet composed
mainly of SBM and SBM supplemented with 3 9§ of commercial soybean lecithin were fed to the rainbow trout
(10.4+0.2 g in Body weight) for 10 weeks at water temperature of 16 +=1°C. Essential amino acids were supplemented
to the non-fish meal diets to attain the levels of the fish meal diet. The fish meal diet showed the best growth and
protein utilization and lecithin supplementation had no positive effect on the growth and protein utilization. Although
intestine of fish fed the SBM diet showed fatty degeneration, intestine of fish fed the SBM supplemented with 3 9
of commercial soybean lecithin showed no fatty degeneration. These results suggest that supplementation of lecithin
at 3 9 to the SBM based non-fish meal diet is effective to improve digestion and absorption of fatty substance as

polar lipids.

&

il

=< 2D B REERUE RO BT 2 & 132
o0, fpmfak L FSEORRCEARIFRENES NS
ST ABEECE T2 2 LI LcEIFIZ AL
v, KRB (SBM) S H0EME O R O fFH
Lo THMZTERABE L2 =Y~ AR L7 E
BRClE, A EROFENCHANTEHBERENS 2 2 &8
HEa N T3 (Dabrowski et al., 1989; Gomes et al., 1995;
Adelizi et al., 1998). —/5, Kaushik et al. (1995) I3i&#H
KRGy 278 (SPC) #F 5 w7 ER|EELT, %7,
Watanabe 5 (1997) 1 SPC, SBM, 2—> 75 > 3
— (CGM) BXU's—bt3—v (MM) OftHIcL D,
ZYV R ADEERHFRSIERHEL S ik Al TR
KRBT LIENTERLIEZREL TS, LrL, #Ef
FEE D SPC D% I izt 3 2 BBIF LR O H

Lo LRAVBLETH L I ENEHS L TwD (FE,
1994; Medale et al., 1998).

&iIT Yamamoto & (2002) 1%, HROZZ A b v —%
—WLE U 7o KEmi (ExSBM), CGM BX U S — bR
2 —)v (MBM) #%ftH L=~ AR RS fa ks %
FEWRBETE L 22BN LT, UL, BERS
WHRIGE (BSE) 1 & 0, FIEKEEY HER~ D4
Hkd MM B & 0" MBM O I3 —RrIc s ks tw
5. i, TOEICBI28HBOEFRTH LA 7 VI
TR ZDWIEEDBII L, TV P —7 EOHEL S D
RO ANWIKIFEL T30, ZOFEEOEEN T =
—=a R EOKREINCE < A S A E iR 0 22 E)
DLW, 2O RI s, SHEAKESY VN IED
BPRHECRIN ORTFE 2303 2 & L big, HEHOEGEK
EVINORDLREZHERT 27012 AR MBM 7% &£
ZEEE L wEAAMEORAENERICZR> TETY
3. MAT, fROKESR L LTV VIRE IO AL

20054 1 H18HsZ#

*1 B RFIEEEFEKEES R (Department of Fisheries, School of Marine Science and Technology, Tokai University)

*2 IKEMRE

95280 35 (2004)

g vy —EhE e £33 % (Inland Station, National Research Institute of Aquaculture, Fisheries Research Agency)

25



ERAMAE « LA

o UTEELRYETH S, —RINICER TIIEERED
m_E % B Sl 2 OIS % 2 3% 0,
nNoOMOBEOBETY) VIFEVKRESNTVE Z 8
%,

K TlE, SPC % ExSBM X 0 Zfiffi 7 T Bk O AL
P A SBM % L FERLE Uil e Fvic =Y ~ X OfGEH
HEBRICB W T s BEHBROZEE ) Y IREE LT
DREV ¥ F >~ ORI ERBROZ 5 2 23112
WTHRET 5.

MELEE

HEA FMRRKEFRERRHES L VBAL=Y
< ADFARIN %, FHERFFERT BRSO ENEF sk T
fbsw, MO~ X ARG Y Z Rl % 5 %L 7z
bOERE LT, RERBIMA E CABKIICCTHRKEB L 72
A% 7z,

ABEEG SERBICE, BEe= 18D 25%60x35
cm O FARKKE (EAER400) 2/RERXIC 2 AR
SDHW, FAM R A ZHERIBINAEL T, filko~
A REREERNC 5 Tl Z 5% Bl 7z b D251 T,

ARERBHLG & T 1 EMPHEE Lz, FEAKEHTAKEH
WV, FAREIC 1SN0 3 L OEAETHRAEE L
7o, RERWIF R OAKRI 16.0~16.9°C DI TH > 72, 1
EHITHEEH 25 < 18/ 6 HiE, 1H 28, 4478 K30
5 A R0 TS TTEICRIR T 2 £ TfTo 7.
B oEE I, #500Lx TIOL : 14D O & TH - 7.
RERBAIARE O S EAAE 12 10.240.6 ¢ (WA B E
$79.33) T, FABEHIRIZTOH & LT,

HEREE S RABRX O RN % Table 1. 127R L 7z,
R 13 o7 ERE UL (Y v o828
(CP) =68%, G (CF) = 99%) % Fik& 3§ 2 IEaTHE
LTz, R 213 v ERE L THRBEE WA
BRI TH Y, SBM (CP=45%, CF=2%) O#&T
Fea L7z b o, fk 3 3R 2 0 SBM O—#% 3% K
Uy Ty (s TIEdE) oL, sy > (J1
FMIME TS 260K 1 O&RICEDY T 0.14% HiN
LizcbDThS, TXCOFRNIZYEAE(E T CP &/
40%, CF &8N 15% e 3 L > L -, Mkt o
CPD> b, FRIIAMHEKOREB XUy FHFMEL,
D O}&1E MBM L EYHFEEIHROIEE B L OUKE
e L7, RAEIR & Ut O e wiik 1 T

Table 1. Formulation and proximate composition of the experimental diets

Diet 1 2 3
Ingredient (% wet weight)
White fish meal (Crude protein (CP)=68%) 49.30 0.00 0.00
Defatted soybean meal (CP=459%) 0.00 45.58 45.58
Corn gluten meal (CP=63%) 0.00 21.97 21.97
Wheat flour (CP=16%) 27.00 12.00 12.00
Pollock visceral oil 2.33 6.91 6.91
Soybean oil 6.49 4.78 1.78
Soybean lecithin 0.00 0.00 3.00
Cellulose 6.72 0.33 0.00
Constant components*! 4.75 4.75 4.75
Arginine 0.00 0.45 0.45
Histidine 0.00 0.10 0.10
Isoleucine 0.00 0.26 0.26
Lysin HCI 0.00 1.68 1.68
Methionine 0.00 0.56 0.56
Tyreonine 0.00 0.36 0.36
Tryptophan 0.00 0.02 0.02
Valine 0.00 0.44 0.44
NEAA mix*? 3.41 0.11 0.00
Taurine 0.00 0.00 0.14

Proximate composition (dry matter basis)

Crude protein (N X6.25%)
Crude fat (%)

Crude starch (%)

Ash (%)

Gross energy (MJ/Kg)

47.10 44.70 44 .30
15.60 15.60 15.50
21.80 22.00 22.30
9.50 6.00 6.10
21.90 22.70 22.50

Diet 1; fish meal based control diet. Diet 2; defatted soybean meal diet based non-fish
meal. Diet 3; defatted soybean diet supplemented with soybean lecithin. * 1 Vitamine
mix, 0.50; Choline chloride, 0.25; Mineral mix, 4.00. *2 Serine: Asparagine H,O:

Glutamine=2:4:5
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Fig.1. Light micrographs of the antero-median intestine of fish fed different diets. A, intestine of fish
fed fish meal based control diet. B, intestine of fish fed defatted soybean meal based non-fish meal
(SBM) diet. C, polar lipids found in the epithelial cell of intestine of fish fed the SBM diet. D,
intestine of fish fed the SBM diet supplemented with 3 % commercial soybean lecithin. A,B,D are
hematoxyline and eosin-stained sections and C is Sudan black B-stained section, respectively.
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Fig. 2. Electron micrograph of apical portion of epithelial cell of intestine of fish fed fish meal based
control diet. Cv, numerous coated vesicles. Ly, lysosome-like body. M, mitochondrion. Mv, tightly
microvilli. v, vacuole. Arrows indicate vigorous pinocytotic invaginations in intermicrovillous
plasma membranes.
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Fig. 3. Electron micrograph of infra-nuclear portion of epithelial cell of intestine of fish fed fish meal
based control diet. APV, autophagic vacuole. rER, rough-surfaced endoplasmic reticula. Go, Golgi
apparatus. Gva, Golgi vacuole. Ly, lysosome-like body. N, nucleus. v, vacuole.
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Fig.4. Electron micrograph of apical portion of epithelial cell of intestine of fish fed the SBM diet. ER,
endoplasmic reticula. Ly, lysosome-like body. M, mitochondrion. Mu, mucous cell. Mv, microvilli.
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Fig.5. Electron micrograph of infra-nuclear portion of epithelial cell of intestine of fish fed the SBM
diet. ER, endoplasmic reticula. Ly, lysosome-like body. M, mitochondrion. rER, rough-surfaced
endoplasmic reticula. v, vacuole.
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Fig. 6. Electron micrograph of hemocytotic cells found in apical portion of epithelial cell of intestine of
fish fed the SBM diet. N, nucleus. rER, rough-surfaced endoplasmic reticula.
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Fig.7. Electron micrograph of apical portion of epithelial cell of intestine of fish fed the SBM diet
supplemented with 3 9§ commercial soybean lecithin. APV, autophagic vacuole Cv, numerous
coated vesicles. Go, Goblet cell. Ly, lysosome-like body. M, mitochondrion.
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